To examine the effect of obesity (body mass index (BMI)30.0 kg/m 2 ) on outcomes of older adults admitted to skilled nursing facilities (SNFs) for hip fracture postacute care (PAC). DESIGN: Retrospective cohort study. SETTING: U.S. Medicare-and Medicaid-certified SNFs from 2008 to 2015. PARTICIPANTS: Medicare fee-for-service beneficiaries discharged to a SNF after hospitalization for hip fracture (N5586,683; n582,768 (14.1%) meeting obesity criteria). Exclusion criteria were aged younger than 65, being underweight (BMI<18.5 kg/m 2 ), and SNF use in the year prior to index hospitalization. 2 ). Robust Poisson regression was used to compare differences in average nursing facility length of stay (LOS) and rates of 30-day hospital readmission, successful discharge to community, and becoming a long-stay resident (LOS>100) according to obesity level. Models were adjusted for individual-level covariates and facility fixed effects. RESULTS: Residents with mild (adjusted relative risk (aRR)51.16, 95% CI51.12-1.19), moderate (aRR51.27, 95% CI51.20-1.35), and severe (aRR51.67, 95% CI51.54-1.82) obesity were more likely to be readmitted within 30 days than those who were not obese. The average difference in LOS between residents without obesity and those with mild obesity was 2.6 days (95% CI52.2-2.9 days); moderate obesity, 4.2 days (95% CI53.7-5.1 days); and severe obesity, 7.0 days (95% CI55.9-8.2 days). Residents with obesity were less likely to be successfully discharged and more likely to become long-stay nursing home residents. CONCLUSION: Obesity was associated with worse outcomes in postacute SNF residents with hip fracture. Efforts to provide targeted care to residents with obesity may be essential to improve outcomes. Obesity may be an overlooked risk adjuster in quality-of-care measures and in payment reforms related to PAC for individuals with hip fracture.
) is an increasing problem in the elderly population, with a reported prevalence of 39% in adults aged 60 and older. 1, 2 Obesity predisposes older adults to multiple comorbidities and complicates chronic diseases, increasing demand for health services such as nursing home care. 3 Rising rates of obesity in nursing homes have been documented 1, 4 and may grow further because of changes in demography and greater longevity. 5, 6 In spite of this, obesity in the nursing home setting remains understudied while being well-researched in community-based populations of older adults. 7 The effects of obesity exacerbate multiple facets of aging. The role of obesity in functional loss and disability has been particularly well documented. For example, individuals with obesity are more likely to be weaker and have poorer lower extremity function. [8] [9] [10] [11] Skilled nursing facilities (SNFs) are a major provider of rehabilitative services to older adults with these types of functional impairments. For instance, SNFs are the largest provider of postacute care (PAC) to older adults with hip fracture, 12 but to our knowledge, no study has examined the consequences of obesity for functionally impaired SNF residents. To address this gap in the literature, we compared the outcomes of postacute SNF residents with hip fracture according to level of obesity. SNF residents with obesity are more likely to have specialized care needs than without obesity. For instance, additional nursing assistance is often required for residents with obesity to conduct daily activities. 13 Consequently, residents of resourceful, highquality SNFs may have better prognoses than their counterparts in lower-quality facilities. Therefore, we hold constant facility-level differences in our estimation of the association between obesity and resident outcomes.
METHODS

Data Sources
The sources of individual-level data were the Medicare Beneficiary Summary file, Medicare inpatient claims files, and Minimum Data Set (MDS) assessments. The summary file contains demographic and diagnostic covariates for currently enrolled Medicare beneficiaries. The inpatient claims files consist of fee-for-service claims from acute hospitalizations and SNF admissions, containing data such as admitting diagnosis and dates of service. The MDS is administered to all residents of Medicare-or Medicaidcertified nursing facilities upon admission and regularly thereafter until discharge. The assessment captures demographic information and comorbidities and covers multiple care areas such as cognitive and physical function and psychosocial well-being. 
Study Sample
We identified fee-for-service beneficiaries discharged to a SNF after a short-term acute hospitalization between January 1, 2008, and September 30, 2015, with a primary diagnosis of hip fracture. Residents were classified as having hip fracture if the primary diagnosis field of their hospital claim contained an International Classification of Diseases, Ninth Revision (ICD-9) code of 820.00-820. 32 
Outcome Variables
We examined whether the following outcomes varied according to obesity level: 30-day hospital readmission, SNF or nursing home length of stay (LOS), successful discharge to community, 12, 16 and becoming a long-stay resident. All outcomes were derived from Medicare claims and MDS assessments using the Residential History File methodology. 17 Residents were followed for 180 days after SNF admission and on each day of the follow-up period were determined to be still in the SNF, in another inpatient setting (e.g., hospital, inpatient rehabilitation facility, another SNF), or dead. We also tracked hospice use during follow-up.
Residents were classified as readmitted if they stayed overnight in a general acute hospital during the first 30 days of follow-up. LOS was defined as the number of days of continuous SNF or nursing home use. Thus, we did not abbreviate LOS when residents were transferred to other SNFs or depleted their SNF benefit and became nursing home residents. Residents with a LOS of 100 or more days (the maximum for Medicare SNF coverage) were classified as long stay. Residents were considered successfully discharged if they exited the SNF within 90 days of admission and remained in the community for 30 days without dying, using hospice, or reentering the inpatient healthcare system. Residents who died or reentered the healthcare system within 30 days of discharge, died during the SNF stay, or were not discharged within 90 days of SNF admission were not considered discharged successfully.
Other Study Variables
Information on age, sex, race, dual eligibility for Medicaid, and dementia status were obtained from the Medicare enrollment file. Comorbidity burden was captured using the Deyo-Charlson comorbidity index, 18 calculated from the diagnoses listed on the index hospitalization claim. Surgical treatment type was ascertained from the procedure codes listed on the claim. Residents were classified as having received no surgical treatment, open reduction and internal fixation, major joint replacement, closed reduction and internal fixation, or internal fixation without reduction. Physical function was captured using a composite of self-performance ratings of activities of daily living from the MDS assessment. 19, 20 Cognitive function was summarized using the MDS-based Cognitive Performance Scale score, which ranges from 1 (intact) to 6 (very severe impairment). 21 
Statistical Analysis
We used robust Poisson regression 22 to calculate the relative risk (RR) of 30-day hospital readmission, successful JAGS JUNE 2018-VOL. 66, NO. 6 HIP FRACTURE, OBESITY, AND POSTACUTE OUTCOMESdischarge, and becoming a long-stay resident for residents with mild, moderate, and severe obesity. We also used a Poisson model to calculate adjusted mean LOS according to obesity level through marginal standardization (predictive margins). We did not predict LOS for residents who were not discharged from the SNF or nursing home at the end of the 180-day follow-up period. We excluded residents from analyses if they were admitted or died at a point that censored the relevant window of observation for a particular outcome. Regression models were adjusted for age, age squared, female sex, non-white race, DeyoCharlson score, CPS score, dementia, dual eligibility, surgical treatment type, year fixed effects, and SNF fixed effects. Data were analyzed using Stata MP version 14.2 (StataCorp, College Station, TX). Null hypotheses were tested assuming a two-sided type I error probability of 0.05.
Secondary Analysis
We modeled the association between continuous BMI and outcomes, also including second-and third-order polynomial terms. We then used marginal standardization to estimate the adjusted rate of each outcome per point of BMI between 19 and 50. The institutional review board of Brown University approved the study protocol.
RESULTS
Between 2008 and 2015, 586,683 hospitalized Medicare fee-for-service beneficiaries discharged to SNF with hip fracture were identified. The prevalence of obesity was 14.1%: 10.2% with mild obesity, 2.8% with moderate obesity and 1.1% with severe obesity. Resident characteristics are summarized in aggregate and according to obesity level in Table 1 . Mean age was 83.967.4 and decreased with obesity level. Seventy-four percent of beneficiaries were female; women were more likely to be moderately (78%) or severely (83%) obese. The proportion non-white was 6% and was similar across obesity strata. At the time of admission, 17% of residents were dually eligible for Medicaid. Between 21% and 31% of residents with obesity were dually eligible. Mean Deyo-Charlson score was 1.261.5, with 31% of residents having a score of 2 or greater. Deyo-Charlson scores were higher in residents with obesity, reaching an average of 1.761.8 in residents with severe obesity. Mean activity of daily living score was 18.463.5 and was similar in residents with different obesity levels. Thirty-nine percent of residents had dementia, ranging from 19% to 29% in those with obesity. Correspondingly, the distribution of CPS scores was lower in residents with obesity. Approximately 83% of residents underwent surgical treatment for hip fracture, most commonly open reduction and internal fixation or joint replacement (57%) rather than closed reduction and internal fixation or internal fixation without fracture reduction (25%). Residents with obesity were more likely to undergo open reduction and internal fixation and less likely to have joint replacement surgery. Table 1 shows the characteristics of SNFs attended by the average resident in our sample. Residents on average stayed in a SNF with an 84614% occupancy rate and 122673 beds, that was for-profit and rated 3.461.3 stars, and had 45625% of beds funded by Medicaid. The majority of facility characteristics were comparable across residents with different obesity levels, although residents with severe obesity were more likely to be admitted to a SNF with a slightly higher percentage of Medicaid beds, that was rated 1 or 2 stars, and that was in a rural area. Table 2 displays the rates and aRRs of 30-day hospital readmission and adjusted nursing home LOS according to level of obesity. The 30-day readmission rate was 11.8% for residents without obesity, 12.6% for residents with mild obesity (aRR51.16, 95% CI51.12-1.19), 13.9% for residents with moderate obesity (RR51.27, 95% CI51.20-1.35), and 16.9% for residents with severe obesity (RR51.67, 95% CI51.54-1.82). Average LOS in the SNF or nursing home was 36.1 days for residents without obesity, 38.6 days for residents with mild obesity (adjusted difference52.6 days, 95% CI52.2-2.9 days), 40.5 days for residents with moderate obesity (adjusted difference54.4 days, 95% CI53.7-5.1 days), and 43.1 days for residents with severe obesity (adjusted difference57.0 days, 95% CI55.9-8.2 days).
Rates and adjusted risks of successful discharge to community and of becoming a long-stay resident conferred by obesity are listed in Table 2 . The proportion of residents without obesity who were successfully discharged to the community was 70.9%. Of residents with mild obesity, 73.0% were discharged successfully, although in adjusted comparisons, mild obesity was associated with a lower probability of successful discharge (aRR50.96, 95% CI50.95-0.97). The rate of successful discharge of residents with moderate obesity was 71.5%, but in the adjusted comparison, moderate obesity was associated with lower likelihood of successful discharge (aRR50.93, 95% CI50.91-0.95). Of residents with severe obesity, 65.4% were successfully discharged (aRR50.82, 95% CI50.80-0.85).
Of residents without obesity, 6.4% became longstay residents. Of residents with mild obesity, 5.7% became long-stay residents, although in adjusted comparisons, mild obesity conferred greater risk of becoming a long-stay resident (aRR51.06, 95% CI51.01-1.11). Of residents with moderate obesity, 5.8% became long-stay residents, although in adjusted comparisons, moderate obesity was associated with greater probability of becoming a long-stay resident (aRR51.19, 95% CI51.10-1.30). Of residents with severe obesity, 7.3% became long-stay residents (aRR51.57, 95% CI51.38-1.79).
The adjusted rates of outcomes per point of BMI are illustrated in Figure 1 . The probability of readmission ( Figure 1A ), average LOS ( Figure 1B) , and probability of becoming a long-stay resident increased curvilinearly across levels of BMI ( Figure 1D ). The probability of successful discharge ( Figure 1C ) decreased across levels of BMI. 
DISCUSSION
To our knowledge, this is the first study of obesity in postacute SNF residents with hip fracture. The prevalence of obesity (14.1%) observed in our cohort is somewhat lower than previously reported in studies of SNF residents. 1, 4 This may be attributable to the selection of healthier surgical candidates and the protective effect of obesity against hip fracture. 23 Moderate obesity was prevalent in 2.8% of residents and severe obesity in 1.1%.
Residents with obesity were younger and correspondingly had lower rates of cognitive impairment and dementia, although they had higher comorbidity burdens, which is traditionally associated with obesity. In unadjusted comparisons, the probability of 30-day hospital readmission was higher in residents with mild, moderate, and severe obesity. LOS, successful discharge, and becoming a longstay resident did not seem to vary according to obesity level until we accounted for dementia and cognitive impairment. Dementia confounds the association between obesity and these outcomes because it is a risk factor for being frail or underweight 24 and for outcomes related to nursing home LOS. 25, 26 After controlling for dementia and other covariates, we found that obesity conferred a strong risk for all outcomes. Although the largest risks were associated with moderate and severe obesity, even mild obesity had nontrivial effects. For instance, residents with mild obesity were found to stay in the SNF or nursing home for 2.6 additional days, on average. We also found a precise, incremental relationship between BMI and adverse outcomes (Figure 1) . Thus, even smaller amounts of excess adiposity should not be overlooked when considering the risk of adverse outcomes.
Eighty-three percent of our hip fracture cohort was admitted to a SNF for postsurgical care and rehabilitation. Examining and improving postacute outcomes for these residents is becoming increasingly important because CMS has begun piloting episode-based payment initiatives such as the Surgical Hip and Femur Treatment (SHFFT) and the Comprehensive Care for Joint Replacement (CJR) models, 27, 28 which were implemented during 2016 in more than 800 hospitals in 67 Metropolitan Statistical Areas. Hospitals participating in SHFFT and CJR are held accountable financially for the quality and cost of care during the 90-day period after surgery. Total costs for services and items related to the surgery paid under Medicare Parts A and B are compared with a target episode price based on historical spending on the procedure. The difference between the payments made and the target price determines whether the hospital receives additional Medicare payments or pays Medicare. The target prices are adjusted for area-level trends in spending but are otherwise superficially risk adjusted. Critics and supporters of SHFFT, CJR, and other bundled payment initiatives have raised concerns about the current approach to risk adjustment and believe that, without better risk adjustment, hospitals serving individuals with multimorbidity will be penalized under the cost and reimbursement structure. For instance, individuals with chronic kidney disease and chronic obstructive pulmonary disease are known to have higher intra-and postoperative costs. 29 Our results suggest that individuals with obesity merit similar concerns and warrant careful consideration of payment and outcomes adjustment according to obesity level.
It has been suggested that insufficient risk adjustment may lead to disparities in access to surgical care. 30 More than 90% of respondents to a survey of the members of the American Association of Hip and Knee Surgeons revealed that current bundled payment initiatives would discourage them from operating on high-risk individuals. 31 Leaving unaddressed the excess risk of adverse outcomes in PAC in residents with obesity may lead to patient selection and thereby decrease rates of surgery for individuals in hospitals participating in bundled payment initiatives, increase the difficulty of PAC placement, and ultimately compromise access to services.
To prevent readmissions and excess resource use of residents with obesity, efforts should be made to address their unique needs in SNFs. Our results suggest that outcomes are poor even after accounting for facilitylevel factors such as quality and available resources. It is reasonable to assume that the resources needed in SNFs to address obesity, such as staffing, equipment, and training in how to care for residents with obesity, are likely to be universally lacking. Residents with obesity require a higher allocation of staff time than those without obesity with similar care needs, 13, 32 particularly for functional rehabilitation, yet the Medicare Resource Utilization Group payment system does not incorporate obesity into its payment formula, and only a few states include a Medicaid per diem add-on for obesity (e.g., New York). Attention needs to be paid to the incentives for and disincentives to providing care to residents with obesity in SNFs as they relate to appropriate allocation of resources.
Results from this study also have implications for measurement of outcomes, which is relevant given the passage and implementation of the Improving Medicare Post-Acute Care Transformation Act of 2014. 33 With the introduction of universal quality measures for PAC, studies like this are valuable in informing the design and risk adjustment of these cross-setting quality indicators. Our results suggest that attention must be paid to obesity when designing these measures not only to even the playing field for PAC providers, but also to avoid disincentives to serving individuals with obesity.
This study has several strengths, including the use of a cohort design with comprehensive population-level data that was complete in more than 99% of records. Prior studies have demonstrated the importance of distinguishing cases of extreme obesity, 10 and because of the large sample size, we were able to make inferences about residents with moderate and obesity levels. Several limitations are also worth noting. First, although BMI is the most widely used measure of obesity, its accuracy declines among individuals with extreme stature and short stature is not uncommon in elderly populations. Second, we included only age-entitled Medicare fee-for-service beneficiaries without SNF use in the year prior to hospitalization. Therefore, our results may not be generalizable to older adults who repeatedly use SNF services, who are enrolled in Medicare Advantage, or whose primary payer is not Medicare. Finally, residual confounding may have affected our point estimates, a common shortcoming of cohort studies.
In summary, older adults with hip fracture and obesity are more likely to have poor outcomes after postacute admission to a SNF. Efforts to improve targeted care for residents with obesity may be essential to improve outcomes and ultimately provide equitable care.
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